The purpose of this study was to test the hypothesis that intensity and organization of muscular activity is a function of S's expectation of a task's duration. The electrical activity of the following muscles was measured while S was holding a 19-lb. weight under expectation for short and long tasks: biceps brachii, brachioradials, brachialis, and flexor carpi ulnaris. For the intervals measured, there was less electrical activity in all muscles during the long task. The less appropriate muscle showed the largest relative decrease. The results were interpreted as evidence of superior organization of activity under expectation of a task of long duration of work over expectation of a short duration of work.
It seems reasonable to suppose that foreknowledge of the duration of a task affects one's approach to it. For example, if S knows that he is to perform a task over a relatively long duration, he is likely to regulate his activity in such a way as to conserve some of his energy for later portions of the task. This can be manifested in a lower level of output per unit of time, or in a more economical or efficient expenditure of energy in the performance of the activity. In simple static work, for example, where 5 must keep a weight from dropping by flexing his forearm over a long period of time, expenditure of energy can be measured by means of electromyography, with electrodes attached to the skin above the relevant muscles.
There is a linear relation between the mechanical force of the contraction of a muscle and its electrical activity (Lippold, 1952) . Thus, the electromyographic records of the electrical changes that accompany the contraction of the muscles can be used as an 1 The authors are grateful for the devoted assistance of Charles Maurer in running 5s and analyzing data.
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'Requests for reprints should be sent to Julius Wishner, Department of Psychology, University of Pennsylvania, 3813-3815 Walnut Street, Philadelphia, Pennsylvania 19104. indicator of the level of muscle activity. If there is regulation of activity for the sake of energy conservation, it can be hypothesized that the level of the electrical activity of the muscles involved in static work will be lower for comparable periods of work if 5 knows or expects that he has to work for a long duration than if he expects to work for a short duration. Further, the decrease of electrical activity should be differential according to the degree of appropriateness of the various muscles to this type of task: namely, the decrease, with a set for a long duration, should be greater in less appropriate muscles than in more appropriate muscles (Wishner, 1955 (Wishner, , 1962 .
The task of static work selected for this experiment involved activity of the brachialis, the biceps brachii, and the brachioradialis, which are primarily concerned with flexion of the forearm (Goss, 1966; Romanes, 1966) . Within the muscle system, the brachialis is the "workhorse" among the flexor muscles at the elbow. It is active especially during maintenance of specific flexed positions of the elbow, that is, isometric contraction in all positions of the forearm. This is not the case with the other two flexors of the forearm (Basmajian, 1967) . With a large load, however, all three muscles are active during isometric flexion of the forearm (Bujas, Pavlina, Vidacek, & Vodanovic, 1967) .
The other muscles of the arm are also active during isometric flexion of the forearm under a large load, for example, the flexor carpi ulnaris (Bujas et al, 1967) , which, although it is the primary flexor of the wrist, is only 564 ancillary in flexion of the forearm (Romanes, 1966) .
On the basis of these considerations, the specific hypotheses of this study are: (a) When S expects a task of long duration, the electrical activity of all the muscles is less than the electrical activity of these muscles during a comparable period of the same task when .S expects to work for a short period; (6) The muscle action potentials of the flexor carpi ulnaris is reduced by a greater amount, relatively, in the long task than the electrical activity of the three other muscles.
METHOD Subjects
The 5s were 10 males, students and instructors at the University of Pennsylvania, ranging in age from approximately 20 to 45 yr.
Apparatus and Recordings
The overall structure of the apparatus in S's room is shown in Figure 1 . The S was seated in a modified dental chair. The tasks were performed on an apparatus consisting of a frame, which allows flexing of the forearm but prevents other arm movements. The frame was connected to a 19-lb. load through a pulley. The 5's task was to keep the weight above the floor and maintain his forearm at approximately a 90° angle at the elbow. At the front of 5's seat was a light bulb that went on when his forearm was at right angles to the upper arm. When the forearm was in any other position, the light went out, and S had to correct his position.
Recordings of integrated muscle action potentials during the tasks were made on a Grass Model 7 polygraph from surface electrodes, silver discs, 10 mm. in diameter, on the following four muscles of 5"s right arm: biceps brachii, brachialis, brachioradialis, and flexor carpi ulnaris. The distance between each pair of electrodes was 1 in. The skin was appropriately prepared so that the resistance between pairs of electrodes was low (2,000-5,000 ohms) and similar. The raw signals were monitored on an osciloscope. The integrators were reset every 5 sec.
Procedure
There were four practice sessions on 4 days in the week preceding the experiment proper. The purpose of the practice sessions was to familiarize 5s with the general conditions of the experiment and with the specific nature of the tasks. On each day of practice, each S had two sessions of static work: one for 30 sec., and one for as long as he could manage.
During the experiment proper, each 5 had a total of four static work sessions over 2 days. There were two sessions per day: one in the morning, the other in the afternoon. The order of the tasks was ABBA (A = 30-sec. task, B = work until subjective tolerance limit) for half the 5s, and BAAB for the other half. The interval between the two sessions was 4 hr.
At the beginning of the fourth day of practice, 5"s arm was prepared for recording of muscle action potentials during the task. The positions of electrodes were marked so they could be used during the experimental sessions the next day. At the beginning of the first session of the experiment proper, the electrodes were placed in the same position as during the last FIG. 1. The S, with electromyographic electrodes attached, holding the weight by means of a pulley.
practice session. A short period of calibration ensued, after which 5 began the first task. When the session was over, the electrodes were left on S's arm, protected by an elastic bandage until the next session the same day. After the second session, the electrodes were removed, but their positions were marked. The next day's procedure was the same as the first, except that the order of conditions was reversed.
Instructions
In the short duration task, S was told that he would have to keep the weight aloft for 30 sec. The apparatus was explained, and he was instructed to prepare for the task. Five sec. later, the task was begun. The S was told to keep the light bulb on by keeping his elbow at the appropriate angle. If the bulb went out, he was instructed to correct his position slowly. He was to maintain this position until E signalled the end of the 30-sec. period.
In the long task, 5 was told to hold the weight aloft as long as he could. He was warned that the task was difficult and resulted in somewhat painful muscle fatigue. He was implored to try his best, to hold the weight as long as he could in the prescribed position.
RESULTS
The Ss had no difficulty in holding the weight in the prescribed position for the first 30 sec. The bulb did go out once in each of 6 sessions (of a total of 40 sessions): four times in the short task, for a total of 5 sec., and twice in the long task, for a total of 2.9 sec. The 6s corrected their position smoothly, without significant effects on the recordings. Figure 2 shows the mean integrated electrical activity of the muscles during the first 30-sec. period of static work. Except for the first 5-sec. period, the electrical activity of the muscles is similar from one 5-sec. period to the other. At the same time, the electrical activity of the muscles during the first 30 sec. of static work in the long task is lower in all muscles than the electrical activity of those muscles during the short task.
It can be seen that the electrical activity of the biceps brachii, and the brachioradialis registered by surface electrodes are higher than the electrical activity of the brachialis and the flexor carpi ulnaris. It is unreasonable, however, to regard this difference in the records as reflecting a real difference in the muscles' electrical activity. Various factors can attenuate the signals from the muscles to various extents, so that surface electrodes may give a very distorted picture of the underlying activity (Davis, 1959) . For example, such factors as depth of the muscle, the position of electrodes in relation to the vector of electrical activity of the muscle, etc., can influence the voltages recorded, and the precise values of these influences are not easily measurable. It is improbable that the main flexor of the forearm, the brachialis, is actually at as low a level of electrical activity in relation to the other two flexors as seems indicated in Figure 2 . It seems much more likely that the recording of the electrical activity of the brachialis is attenuated to a greater degree by virtue of its depth and a number of other factors than the electrical activity of the other two muscles.
In this experiment we are more interested in the changes in electrical activity of the various muscles from one task to the other, and in the comparison of those changes, than in absolute values. The question is whether we can compare changes in electrical activity of various muscles, or, more specifically, whether the differences are distorted if they are derived from distorted values. Obviously, if the action potentials of one muscle are attenuated more than those of the other, then equal increases of electrical activity at the muscle will appear differentially smaller when they are picked up by surface electrodes. The attenuation of signals seems to be relatively large: less than .5 mm. distance between the fibre and its electrode reduces the muscle action potential by a factor of 10 (Buchthal, Guld, & Rosenfalck, 1954) . Therefore, the absolute differences in signals picked up by surface electrodes give a distorted picture of changes in the muscle itself. Thus, the absolute differences cannot be used for the evaluation of changes in electrical activity of different muscles (Grossman & Weiner, 1966) .
On the other hand, it is possible to assess the percentage of change of a muscle's electrical activity with a higher degree of validity. If the true electrical activity at the actual muscle site is decreased from one task to the other, it is probable that the percentage of the change produced at the recording site on the skin will be more comparable across muscles than changes in absolute values. Assuming that the major attenuating factors are multiplicative, as is indicated by previous research (Buchthal et al., 1954) , this will hold even if the muscles being compared are at different depths.
In the following analysis, the integrated electrical activity of a muscle in the short task was taken as a base level and the integrated electrical activity of the same muscle during the first 30 sec. of work in the long task was taken as a percentage of the value of the electrical activity of the same S in the short task. These are the values shown in Table 1 . They are the relative values of the electrical activity during the first 30 sec. of static work in the long task. Table 2 shows the mean relative values of the electrical activity during the first 30 sec. of the static work in the long task, T values of the Wilcoxon matched-pairs signed-ranks test, and associated p values.
The relative values of electrical activity of the main flexors of the forearm (the brachialis, the brachioradialis, and the biceps brachii) during the long task are similar, but only the decrease in the electrical activity of brachioradialis is statistically significant. With a one- 
Q5).
With respect to the biceps brachii, it should be noted that variability is greatly elevated. It can be seen from the test-retest reliability that this variability does not reflect, in the main, underlying individual differences in biceps activity. Test-retest reliability of the electrical activity of biceps brachii is given by: r s = .50 and .55 (p > .05) for the long and short tasks, respectively. 4 The reliabilities of the other muscles are higher: for brachialis, r s = .90 and .87; for brachioradialis, r, = .94 and .78; and for flexor carpi ulnaris, r s = .87 and .84 (p < .01 in all cases), for long and short tasks, respectively. The lability of the activity of the biceps is related to the variability in the activity of the other flexors during the same task, since their activity must be accommodated to the task of producing the same force during flexion of the forearm.
The largest relative decrease of electrical activity in the long task is shown in the flexor carpi ulnaris (p < .01). Although the absolute decrease of recorded electrical activity of the flexor carpi ulnaris is small (see Fig. 2 ), it should be noted that its activity in the short task, which is taken as the base level, is quite low to begin with. Floor effects operate against a substantial absolute decrease in the long task, and the decrease recorded thus takes on added significance, as represented in the relative, or percentage, decrease. The mean decrease in relative values of the electrical activity of all the muscles taken together is also statistically significant.
These results show that even if there are large individual differences in the interplay between the muscles, the general trend in the reduction of electrical activity during the first 30 sec. of work in the long task in relation to the electrical activity during a 30-sec. task can be described as follows: there is a reduction of electrical activity in all four muscles, but the most inappropriate muscle, flexor carpi ulnaris, shows the greatest reduction. At the same time, biceps barchii shows the greatest 4 This finding may be interpreted as a warning against using muscle action potentials of the biceps as a general index of activity in the flexor muscle group of the forearm.
variability of changes in electrical activity from one condition to the other.
DISCUSSION
The results of this experiment show a significant reduction in the electrical activity of the muscles of an 5 who knows or expects that he has to work for a long period of time, as compared to the electrical activity of the muscles of an 5 who knows or expects that he has to work for a short period of time.
This decrease in the electrical activity of the muscles implies a decrease in the force of the muscles' contractions, if the assumption of a linear relationship between the force of contraction and the electrical activity that accompanies it is valid. However, it is difficult to give a quantitative statement of the amount of the reduction in the force of the muscles' contractions, especially since the slope of the regression of muscle action potentials upon force exerted is different for the same muscle among different 5s (deVries, 1968) . Similarly, the slope of the regression of muscle action potentials upon force of contraction is different for different muscles (Lenman, 1959) . Nevertheless, the decrease of the electrical activity of the muscles in this experiment can be used as a general indicator of a true decrease in the activity of the muscles themselves, especially since it was possible to compare the electrical activity of the same muscle of each 5 in both conditions, that is, each S was his own control. Further, the electrodes were in identical positions in both conditions of the experiment during a single day, and in very similar positions from one day to another, and the apparatus was so constructed as to assure that the position of the limb and body were the same for all measurements.
It may seem paradoxical that there is differential force of contraction of muscles for identical loads. This becomes possible when it is realized that several muscles are active during an isometric contraction of the forearm. Some of them are more appropriate for this task, anatomically and physiologically, than others. The most appropriate muscle is brachialis. At the same time, the brachioradialis and the biceps help the brachialis to compensate for the external force of the load.
Some of the other muscles of the arm are active during static work. For example, flexor carpi ulnaris, which is the flexor of the wrist and only assists in flexing the forearm, shows considerable activity during static work, as does the main extensor of the forearm, the triceps. It is possible that at the beginning of a long static task, the activity of the muscles is more organized so that less appropriate and antagonistic muscles are not as active as during a short period of static work. In a long duration task, the main flexors of the forearm do not compensate for the force of the contraction of the antagonists as much as during a short task. At the same time, in the long task, reducing the activity of the less appropriate muscles, which produce little useful force relative to the level of their activity, makes the performance of the task more efficient. In sum, then, it appears that the static work task used in this experiment is a viable test of the hypothesis of conservation of effort and energy as a function of a set for differing durations of work. At the same time, it is essential to keep in mind that there was a set of background conditions that maintained 5's motivation for conservation. Thus, during the practice sessions, Ss experienced the differences in difficulty and in effort required between the tasks. In the long duration task, there was discomfort and pain. Most 5s were challenged and obviously put a great deal of effort into holding the weight as long as they could.
It is also possible that conservation of the activity of the muscles under the set for a long period of work is related to more intense motivation that could result in some dynamogenie changes in the vegetative nervous system. With higher motivation, the adjustment of the organism to the increased working requirements of the muscles may be improved, and the muscles may be able to perform the same work more economically (Bujas & Petz, 1952) .
A related study is that of Walster and Aronson (1967) on the effect of expectancy of a task's duration on the experience of fatigue. They found that those Ss who expected to continue a series of fatiguing tasks reported less fatigue than 5s who were led to believe that their chore was almost at an end. The authors believe that 5s suppress feelings of fatigue until their task is virtually completed. Our results show that expecting a long task gives rise to economy of effort and energy from the very beginning of the task. Thus, there would be not only suppression of the feeling of fatigue, as shown in verbal reports, but also, if an objective index can be found, an actually lower level of fatigue for any given time, as a function of expectancy for a long duration of work. Indeed, it should be possible in future experiments to explore the possibility that the developing patterns of muscle activity are related to reports of fatigue.
